Materials.
CGTase was provided by Amano Pharmaceutical Co., and unless otherwise specified, this enzyme was used in the experi ments throughout this study. Moreover, CGTase was purified by the successive forced affinity chromatography12) described below, using soluble starch gel column and Sephadex G-15 column.
Resulting CGTase preparation gave a single band of enzyme activity by the SDS-PAGE analysis with the iodine-staining method for substrate soluble starch and was used in several preliminary experiments, described above.
Clinical dextran was provided by Meito Sangyo Co., Japan.
Sephadex G-15 and Sepharose 6B were purchased from Pharmacia. The HPLC gel filtration column of G3000 SW was the product of Tosoh Co., Japan. Reaction of CGTase with clinical dext ran. Clinical dextran (10 mg) was incubated with CGTase (36 U/10 mg) in 67 mM Tris-acetate buffer (pH 9.5, 6001uL) . The reaction was proceeded at 60°C. At appropriate time points, 50 ,u L of each sample were removed and inactivated with 1 M NaOH (25 /1L), neutralized with 1 M HCI, and diluted with water (375 ,u L) . Portions of the mixture were measured for the reducing sugar by the Neocuproine method.13) A 250 ,u L aliquot was subjected to ethanol fractionation, and 50% (P1), 75% (P2), and 92% (P3) precipitates and the resulting supernatant (S) were obtained.
P1-P3 precipitates were dissolved in water (500,uL) and total sugar content was measured by the phenolsulfuric acid method.
Each 100 ,u L sample was mixed with 1 mM TNS (6-p-toluidinylnaphthalene-2-sulf onate, 251u L) and incubated at 30t for 1 h. Fluorescence intensity was measured after the addition of 1.5 mL water at excitation at 366 nm and emission at 460 nm by the fluorospectrophotometer (FP-777, JAsco, Japan). Molecular weight distribution.
Gel filtration column chromatography of the reaction products (25 mg) was done with Sepharose 6B column
(1 x 60 cm), which was eluted with water.
Fractions (0.6 mL each) were collected and measured for the total sugar.
HPLC gel filtration analysis was done with a PU-980 chromatograph (JAsco) fixed with a column of Tosoh G3000 SW (7.8 x 300 mm), which was equilibrated with 20 mM phosphate buffer (pH 7.6) -0.2 M NaCI-0.02% NaN3. The column was eluted at 0.6 mL/min and monitored by RI detector (RI-830, JAsco).
RESULTS

Affinity
of CGTase to dextran. Therefore CGTase was chromatographed with a Sephadex G-15 column in the presence of 3 M ammonium sulfate (data not shown). All the CGTase activity bound to the column and some contaminated proteins were eluted at the breakthrough fraction. CGTase was recovered by the elution of phosphate buffer containing no ammonium sulfate. Similar results were obtained with the column packed with soluble starch gel, which was prepared by the crosslinking of soluble starch by epichlorohydrin.12) However, when the CGTase was put on the column equilibrated with 3 M ammonium sul fate-1% dextran solution, part of the enzyme was recovered at the breakthrough fraction, and the complete binding of CGTase was impaired (data not shown).
Another evidence for the affinity of CGTase to dextran was provided by the kinetic measure ments.
Although tion, the amount of reducing sugar (equivalent to glucose) corresponded to 0.22% of dextran. The reaction mixture was fractionated by eth anol precipitation, and P1, P2, and P3 fractions were obtained as the 50%, 75% and 92% ethanol precipitates; S was the supernatant of P3 frac tion. The total sugar content of S fraction was not changed much during the incubation. However, the amount of P1-P3 fractions was changed during the reaction, and the amount of P2 fraction increased during the prolonged incubation (Fig. lb) .
Changes in the quality of P1-P3 fractions were also demonstrated by the interaction with the fluorescent reagent, TNS, known to have a strong interaction with CDs that could be monitored by the increase in fluorescence inten sity.
Therefore portions of P1-P3 fractions were mixed with TNS, and each fluorescence was measured (Fig. lc) . Although the P3 frac tion showed no change of response for the TNS fluorescence intensity, P1 and P2 fractions gave significant changes of TNS fluorescence according to the progress of incubation period. All results indicated that CGTase did act on the dextran and caused some changes in the molecu lar structure of dextran. Alternatively, the possible contribution of some newly formed cyclic compounds was not completely denied for the enhancement of fluorescence.
Effects of pH and temperature on CGTase reaction.
The action of CGTase on dextran under extreme conditions yielded a disproportionation type of reaction products from dextran mol ecule, as described above. Therefore factors affecting this reaction were examined in detail. Although the optimum pH of CGTase on soluble starch was at pH 6.0, CGTase action on dextran had optimum at alkaline pH of 9.5 (data not shown). As shown in Fig. 2 , the amounts of reducing sugar produced by CGTase action on dextran were maximum at the reaction tem perature of 40t.
The reaction mixture was fractionated by ethanol precipitation, and the amount of P1 was maximum at 50°C incubation. Although P2 showed alternative changes in their yields, P3 increased according to the increase in the incubation temperature, and the supernatant S gave a change opposite to the P3 fraction.
The amount of reducing sugar corre sponded to about 0.2% of the dextran, suggesting that only a small extent of hydrolysis of dextran occurred during the reaction.
Effects of reagents on CGTase reaction. The production of CD was known to be greatly affected by various reagents including surf actants.'~ In the presence of SDS, the action of CGTase on dextran was greatly stimulated (Fig. 3) . Although only small changes were observed for S and P2 fractions, an increase in P1 and a large decrease in P3 fraction were accelerated by the addition of 3-6% SDS.
Moreover, a great increase in reducing sugar by up to 3 % SDS was observed, which was reversed by the presence of much higher concentrations of SDS in the reaction mixture.
An addition of up to 5% Tween 80 led to an Molecular weight of CGTase-treated dextran . Gel filtration analysis of CGTase-treated dex tran was done with the Sepharose 6B column (Fig. 4) . The dextran had a molecular weight of 63,000, and the CGTase-treated dextran showed the molecular distribution of two groups.
A large group had molecular weight larger than 500,000 (standard dextran T-500) , and a small group had about 10,000 corresponding to standard dextran T-10. These results would be ascribed to the molecular disproportionation reaction of CGTase, which attacked dextran and yielded much larger and smaller molecular weight species.
•@ HPLC gel filtration analysis also gave similar results to the Sepharose 6B column (data not shown). Both larger (relative retention time; RT 8.5 min) and smaller sizes (RT around 12 .5 min) of products were detected. Clinical dex tran was eluted at RT 10.1 min. Besides these products, peaks having much smaller molecular size (RT 17.6-19.7 min) were detected. Authen tic standard sugars such as glucose, isomalto oligosaccharides (up to hexaose), and cyclodex tran (CI-7, CI-8 and CI-9) 14) were eluted at RT 19.6 min, and only a small amount of sugar peak was detected at this position for the CGTase treated dextran. The catalytic action of CGTase on dextran was detected in the extreme reactions, where a concentration of enzyme was increased to abnormally high levels. A product analysis based on the ethanol fractionation indicated that the molecular weight of the CGTase-treat ed dextran varied noticeably according to the progress of CGTase action (Fig. 1) . Changes in the fluorescence intensity caused by the interac tion between CGTase-treated dextrans and a fluorescent reagent of TNS (Fig, lc) of localization (Fig. 4) . The high-molecular weight component had the size of more than Mw 500,000, and the low-molecular weight com ponent had about 10,000. Since the fluorescence intensity of TNS was enhanced by the CGTase treated dextran, which was slightly propor tional to the incubation period for the CGTase reaction, a structural modification of dextran by CGTase might occur to increase the TNS reactivity, that is, increase the degree of branching in the CGTase-treated dextran. Although a contribution of cyclic compound products may be conceivable, further evidence was required to support this speculation.
